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This paper describes three studies desighed to 



^determine whether there are age-related differences in children's 
memory for implicit and explicit informatioj)/ in prose.. In the "JEirst 
study, six experimental paragraphs were i^d individually to a total 
of 60 children in grades K-5. Each child was then asked four verbatim 
recall questions (specific adjectives and prepositions) and four 
inferential questions. The r^ults indicated that the amount of both 
explicit and implicit information comprehended from the paragraphs 
increased with aqe. Due to a question about th^saliency of 
Adjectives and prepositions dn sentences, the second study used 
verbatim recall questions with nounrs and verbs. A total Of ^8 
children in grades K, 2, and 4 participated in this Study and were 
administered tl^e^^^ine tasks a-^s in the first study plus a delayed- free 
recall task.. The results showed specifically that the^ability to draw 
and remember iaferences improved with age. The third study used a 
cued recall paradigm to^determine whether the spontaneity of 
inference drawing w%s related to age. A total of 48 children in j 
gradjes 1, 3, and 5 heard . action sentences with tha instruments used 
stated explicitly in half of the sentences and only implied in 'the 
other half. They were then given a cued recall test which included 
the ^appropriate instrument nouns. Results suggested that children 
apply inferential operations more often and more effectively with 



increasing aae. 
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^ Today, I want to discuss several studies concerning the role 
o£ 'inferential processing in children's memory. 

^Specifically, I will consider twx) questions: , \ , * 
1. Does tha abiJLity^ to. spontaneotisly apply inferential 
processes to 'prose incrcasi^ with age? and, * - 

2\ ' Wflat is the relationship between sentence memory and 
iiifej^Dntial operatiojus? ^ 

l/e i<d^i tliat tlie in^|>rniatiori that people understand from 



and spoken language is no|| liinited to a' literal cc^y cdF the input 
j^-cr:ng of wo|ds. Cons i clef i^blc^ research has demonstrated that acy:/- 
i ^•ii^OKu>er tivj lem^mtic rpjfationships expressed by sentences bott<P^/tlian 
the particula:^V words -Structures of tlie sentences ^{-BransfordffiyF^^ 
1971; Honeck, 1973; Kinjisch MonJc, 1972;' Potts, 1972; Sadis,|^7) : ■ 
The coiMion tiieifie among /those studies is the 'Snphasis on tran|Piination 




mi 



^ oi the input and distillation of tJie central idegs from pro^l ihe 
:sitrat4giea of , derivlijg' »V^ist" CFi*lcnbaum, 1966) may be ab^^ctive' 
^'^• iZan^ill, 1972^; or constructive {Bartlett, 1932) but the ^^ortant 
point is that th$ meoiing derived froin language is a colis.|pent of the 



co-(nitive activiltioK and -'soma re ic Ljfaiisfonnations appliec|,.by the comprdjend 
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The inferential nature o£ comprehension ii ^9: focal/tenet o£ the; * 
constructivist appr6;acih (pofer, 1973; Jenkins , 1974) because it * . 
iperna^ the person to "go beyiohd the information' given" and under- 
• stand implied relationshi|)s . When adults attend to prese-, they 

typically attempt to interpret the new inforination with Vegqird' to pre<^ . 

' . . . ■- ' " > ■ ■ ' ' ■ ■ ■ - ' . ■ • 

existing linguistic and nonlinguistic contexts (Brans ford §'McCarrell, 

,1974) and of integrate these relationships into holistic, situational 
meiAory representation (Barclay^, 1973; B'ransfofd» Barclay Franks, 
1972; Trahasso'5 Riley, in ^ress) . The inferred, relationships are not 
jtjst . additicinal formation which can be accessed but . are often integrated 
semantic representations which appear to be n:onstiticted coring encoding 
and assimilated to organized schemes m th;e''Piagetiali' sense. Inferred 
semantic agents ^locations:, instruments, consequences o£ actions, . 
transitive lineai^ orders have all been shown to be assimilated into the 
memory representations tiiat adults have for the ideas of related sen- 
tences C^ransford § Franks, 1971; Johnson, Bransford § Solomon, 1972; 
Paris,. Sorkin, a' Pis oni, 19 74^ Potts, 1972)1 > 

Although several studifes have demonstrated that children integrate 
implied information into their memory representations for seniences 
(Barclay § Reo^, 1974;; Paris % Carter, 1973^ Tra!?asso, Riley § Wilson, 
in pr#ss), we still do not have evidence tihat the ability or pr?i)pensity 
changes with age. These three studies employed;differ6nt types of 
inferences, somewhat artificial, stimulus materials, and vastly different 
paradigms y some of which may be inappropriate for developmental analyses 
(e.g,, false-recognition paradigm) . ^ * . 

Our first study <Paris § Upton, 1974) was an attempt to ameliorate 
these problems and deteimine if tiiere are age-related ^fferences in • 
children's memory for implicit and explicit information in prose.. We 
constructe| paragraphs containing particular Explicit and implicit ^ 



relatdjDnships, preselkted them orally tttj^lement 

children, and assessed their midetstandihg through directed questions.' 
We selected four different lingi^ iaferences to stud^i^ The first 
Mpi we labelled contextual inferences because they requited the anlal- 
gaination b!^ information from several sentences v These weye: presuppositions 
the pre-existing conditioris nec0ssary to make a sentence pt paragraph . 
true; and inferred consequences , the probablf end jj^sult 'of a series 

of stallements' or; conditions.. The other two inferences were termed 

> ■ . 

lexij::al inferences^ because the imxerential relatimship \^as dependent 
upon a single vfotd^ These included semantic entailment^ ; a word i^ a 
sijbset 6f a larger class; and implied instruments , a verb in^Dlies a ' 
particular instrument t^^ accomplish the action. 

' We constructed six paragraphs raging from seven to nine sentences 
which permitted these inferences. (Aif example of a test paragraph and 
the questiohs arei given in the handout Ihe paragraphs were read to 

individual subj^cts% 12 each from 'Grades fC through 5. immediately after 

. : -i ■ . ; _ ^ - .. : ' 

"listeiyjig to a paragraph, ^subjects were asked eight Yes/l|(o questions 

concerning the story. Four of these questions were the- previously 

f ' 
^ ■ . ^. 

described^ inferences . We also asked four questions of ' Verbatim infer- 
niation in order to^ prevent subjects from biasing their processing towards 
only inferential relationships iiid in order to provide a baseline com- 
parison of explicit information retention. vThe verbatim items included' : 
prenominal adjectives such as big, ^ new, and red and locative prepositions 
such as in, oyer, and undex^. The' eight questions* were balanced for 
verbatim^ and inferential items as well as truth- falsity within each 
category. The orders of paragrajdis and questions were randomized for 
every subject. • 

We performed an analysis of variance (with-bo-^ subjects and stories 

• ■ ■ ' ' •■ ■ . ' . ■ . 



treated as random effects) with the number of correct answers to each * 
question by, grade level. Performance 'significantly improved' (quasi-F, 
2. <'.01) monotonic^lly across grades showing the sensitivity df this 
task • to differences between chil/dreft ' s comprehension- and memory in 
successive grades , A .response bias ;s '.often observed in ^oung children 
and, indeed, our kindergarten subjects responded affirmatively to 72% 
of the questions while 'fiftii- graders responded affimatively only 48%^ 
of ^ the time. A signal .detection analysis takes response bias into 
accoynt, and we calculated ^'s for the data and found the same age- 
telated improvement (shown in Pigure 2 ) . 

Although inferences were answered correctly more often than factual 
questions, it .should be noted that'^dre was age-related improvement 
on the same items within all categories. ,We do not want to emphasize 
absolute comparisons amojig categories on this task, \ather we waift to' 
ask if there is, developmental in^jrovement for the operaljion^ of infer- 
ence and -tifie spontaneous processing of 'implicit information ebove and 
beyond developmental increases in memory span. ' / 

In order to answer this question, we will assume that a correct 
^wer to a verbatim question involves memory for a bit of information 
while a c^ect answer to an inferential question involves remembeiiang 
the information plus performing an.ii^erential operationj. In essefcce^, 
we can regard .the developmental improvement on' verbatim items as evid- 
ence for improvement in memory capacity and ask if thl developmental 
effects for inferences ujerely parallel thijSv:urve or interact with it. 

We partialled out the effects of memory improvement from the in- \, 
ferential operatirajg^ by computing an analysis of covariance and covaiying' 
out the effects of verbatim items'. "Wlien we did this, our adjusted 
scores, (shown iii Figure 3) , still repealed significant developmental- 



jJaprovenieiit in tiie inferential operations . Ihe itpxe diffict^ context-^ 
uai infet^nces accouted for J:he iriaj ority of the iinprovement • Hiis 
interaction appears to be independent of response Jpias as sKom by the 
d^s,; and the greater conprehen^on and mento for contextual inferences . 
with age- appears to reflect more than increased memory span. 

-The^esults of this study suggest that children from srix: to eleven' 
years of age increase the amount of both explicit and implicit infor- 
mat ion that they comprehend from paragraphs. Ev:en vflien we take into 
account the variability due to paragraphs, items, and response bias, . 
there is an increased proficiency/with age of spontafieousiy perfoiming^ 



inferential operations on linguistic material*^ 

A few caveats are in or d^r though. ' Certainly /con¥>rehension and 
membry are related and developm^tal improvements in one should facilitate 
the other. We have tried to separate the effectg. in a statistical seiise 
simply to show that children's comprehension of prose is dependent upon 
the operations applied to the material as well asu the memory span for 
•specific items. Also, this task assesses cMldren's spontaneous com- 
prehension processes and we' do not wish to imply that young children 
canhot comprehend some of these linguistic inferences . * They probably ? 
can when instructed to do so in simple tasks, but their normal compre- 
hension strategies may not jjivolve tihe> implicit eirbellishinent of infor- 
mation necessary £ot inferential comprehension and good m^ry. 

It mightibe argued that- ouji' covariance analysis* pveren^phasized ^'^^ 
developmental improvement m inferences because adjectives^ and prepos- 
itions.are less salient and in^oitant for tihe sentence meaning and 

k V 

thejefore they were poorly remenfcered. We therefctre revised our ques- 
tions to i include noun and Verb categories , eliminated two stories , and 
'ran the ejcpeximent again with 16 Ss from kindergarten, second and fourth 

.: ...■/D. 0.00.6 : 



grad6 from a different school. In addition .to the SsV responses to the 

quest ions, we llso reqtdred Ss t<^ free recall lihe stories approximately 

20 minutes later (after an interpolated tasJcJ-.\. ' - W 

.Hie results of the interrogated recall were similar to the pre- 

viovs study and pe:jjdrmance inproved with -irad^' although the main ^ - , 

difference was in the two yourtgest groi|ps. There were' no differenGes 

between' inferential and verbatim questions -in this study because 

'nouns and vexbs werfe genetally' answered correctly more thsai adjectives ^ 

. and prepositions. However, our main concern the analysis o£ co- 

variance mth noims and verbs as l^e covg^riate, The apusted mean % j 

coirect (after nouns and verbs effects are parti alledrout) showed l' 

s^n^icant deyelopiflental in^rovement for :contextim inferences (£ < . 

• 05) afid appears ^to reflect age-related in^provem^t in inferencing 

c^rs^fioris^ / ■ . 

/ After the inteipolated task, subjects were ^^ked to free recall , 

a^ much of the story as possible. Their recall was scoredvfor the 

liumber of idea units recalled per .'story which included verbatim recall, ; 

piarapiirase^ lexical inferences, and cont^jctual inferences* Extraneous * 

and erroneous elaborations were not included in the totals which sjicwed^^ 

that kindergarten subjects averaged !• 9 ideas/stdry, second- graders 4.4, 

^ and fourth graders 9*3. The inter-rater reliability on the scoring sys- 

tem^ confuted on individual stories according to ^e four categories 

de^ribed above, was £ - .98. V , , • ^ ' 

• •' - » • ■ ■ ^ , • 

We were interested ih the relationship between children's perfor- 

mance' during interrogated recall and, later free ^recall. If understand- 

ing inferential relations' in" sentences is 'crucial to memory , there should 

be a strong Telationshi|) between initial comptehension 'and memory for 

the inferences and subsequent recltlit^of.^^ prose passage.. We performed 



a step-wise multiple regression analysis to detetmine which category ^ 
of questions best predicted free reca^l^f^^^^^ the, results 

are showj^ in Table 4. Over all grades 4md stories , grade accounted 
for 66^ o£ the .vatiance. ' Correctly responding to contextual inference 
, questions was the next jb^stbredictor and both of these varial^les . 
accounted for a significant amount of the v^iarice (£ < .jOl) . Within 

best p^edicto. was ^s^^ ^^^.^c. was 
only significant predictor f 6r alJSgracles . Thus , the best predictor • 

of later recall was' initial conrprehension of th^ contextual inferences, 

fr • ■ ' ■. 

^ prestqppositions and consequences . Performance comparisons between grade 

% . , 

indicated that contextu^ inferences were significantly better at ' 

successive ^rade levels (£ < .Ol*) . Not only were contextual inference^ 

the '^best predictor at each grade level but they were better and ^better 

predictors with' increasing age- of the children • 

These two studies show that young children do draw and remember 
'some inferences from prose but the ability imprdves with age. this 
appears to be a spontaneous aspect of comprehension which is* applied 
more often and more effectively by older children in order to remember 
' sentences/ The relaitionship between making inferences during compre- 
hension' and subsequent good fnembry was correlaticmal in tlie study. * We 
wanted to find a more direct test of the developmental ly emerging rple 
of^ inferential pperations as critical components of memory. We decided 
t^investig^te the problem with a tued recall par^adigm. ' 

llie rationale behind this series of studies is that a memory cue 
will only be effective to the extent lihat it I'makes contact with'' a 
significgjit part of the memoiy representation for the sentence. If the 
cue is indirect and only implied by the, original sentence / then it 
■should not be effective Imless .the subject has already incorporated, 



or can sii»sequently construct, the implied relation into his memory- 
representation for the sentence; For e'xample, if we present the 
sentertee, ''3he worlanan dug .a hole in the ground/' the ivord shovel 
shoiiLd be an effective raemoi^ cue only if tlie stbject constructs 
the inferred in5trumental relationship. Our first study simply ^ 
compared the effectiveness of such instrumental cues, some expJ^itly 
stated in the sentences and. some implicit. ,If yoimg children do not 
spontaneOustly constrc£t and supply inferred relations to a sentence, 

^or are ynable to do so, then onQ^ould predict a superiority of explicit, 
cues for memory relative to implied cues. I£ older children do infer • 

'relations as they comprehend sentences, or during directed retrieval, * 
then one^ woijlc^ expect no' differences between the cue types . We presented 
eight sentences, half with instruments explicitly sttated ;and half 
implied to 16 'Ss in each of grades 1, 3 and 5, The children repeated 
each sentence aloud after tlie experimenter throughout the l(^^t, part- 
icipated iQ a 4 minute interpolated number- circling task, and were 
given a cued recall test with appropriate instrument nouns. The 
sentences were counterbalanced across Ss for implicit^/and explicit cues. 
Tlie results are shown in Figure 5 and indicate a significant grade X 
cue-type interaction '(as well as Significant main effects for each fac^tor) 

IS? 

This interaction strongly suggests that diildten apply inferential oper- 
ations more often and more effectively with increasing age/ 

There are also several controls which we ran^ For instance, one 
• Gdiiid argue that tlje young Ss did not^laiow'4Jie instruments th'at were 
approp^rfrtf^e^^ 3ach sentence and therefore could not make tlie gorr^ct 
inference. We presented four pictures of common instruments with each 
test sentence to groups of kindergarten and first-grade children, Even 
the 6 year- old kindergarten Ss selected the appropriate insH:rumcnt' fdr . 

0t)OO9 _ 



e^di sentence more tlian 951 of' the tiine: . . 

Another pbtentiai. criticism- is that the -explicit instrument 
cue 1$ an inappropriate' comparison because if m^Jgare$timates Ss 
knowledge qf the sentences. We conducted another ^udy which ewployed 
ej^icit subject, verb, and object retrieval cues and cSjjMirdd these 
to impliciti instruments . These data are shown in ^Figure ^and again 
reveal an age x cue •type interaction such that y;oung^s do not access , 
the sentences easily with implied cues and older Ss do.i 

The last experiment was concerned w facilitating children^ 
ftiemoryv One might characterize the lack of inforcnti^^ process in j.^ 
as a strategic ^'production deficiency" or a Vshallow lovel" of pro- 
cessing. We decided to require Ss to act-out the sentences after J 
they repeated them, because -they necessarily would have, to pretend to 
use the appropriate instrument/ We feonstructed a ten-.sentence list, 
£ive^unplie4 instruments and five^ ejqilicitly stated, ^presented thdm 
to'Ss with the action inst-ructions*, gave the usual four-minute ' inter- 
polated task, and tested oued recall. Total recall for ten sentences 
was very good for the .first -graders, 74%. A t-test revealed\no ■ 
difference between the nun43e^' of sentences tecalled with explicit 
cues and implied cues, 78% and 70% respectively! . 

In conclusion, these studies indicate tliat children 'often under- 
stand' a great deal of implicit information 'in sentences and prose, the 
nature of their tmderstanding, or operations of comprehension and memory 
may be best characterized as constructive att^. These studie^also 
suggest that the ability to spontane9usly appiy-dnferential' processes^jbo 
discourse increases with age from approximately six to eleven^^yegrs 
(the ^ge range studied in tlii's researth). Furth^, these ^Sogesses are 
criti'cally related to recall and the utility ofNionstructedf sefentic en- 
co^iangs as' retrieval cues increases with age. Hopefully, "tasks such as 



.it 
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thesesfhaye ^'^cological validity'' ancRjill enhance pur understanding 
of the development of ordina!^ listening, reading, and con^rehension 
^skills. » ' . ° * - '. \ 
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i^fcj^ new doll in (rortlfc Mr i?t|r it^ )iowie, &Mr 

^hiiy isshc heardi a strange spiiiicl Coqiipfi. from under tH^ jiptoitK. it was - 

liiils fla^ v^anted 16 h^M b^t she did not 

rlc^ovv^ \V|iat ip do/ She tiiKinsiilc ilic house anS^rabfied' a $hoc box^froiri 
' iht clpspt Then Lirt^ eight shekels 

;of ; y<Sliow^- paper/ She cut Tip the paper into litdd pieces and put thipm in 
; ibc bplf om of the box. t inda gcni ly . picked \ip the*^ he! pless crealurc and 

took ir^yith her. Her teacher kncvv . ' 



Question type . Answer 



AdjeiptiVe ; Yes I. Was UndaV doH' ncW? ' 

Adjective : No . 2, pid Linda erab a imich box? ; V 

3, Was the siran^c soiiiid.cpniing Ironi ' . 

JPrepp^ilbri; ; ;Yes ; under: the porch? ;. V 

Preppsition No 4/: Was Linda playing bciiind her house? - 

Presupposition Yes ! - 5. Did Linda like to lalkc care of '^ihials? 

- • ^ 6. Did Linda lake what shc^ found to the 

Consequence >Jo ; . police station? : ) { 

Enlaiiment No ^' / 7. pid Linda W ' ' 

Instrument VeS ^ . 8 ; Ciid Linda use a pair of sdss 



Figure 2:' d's for Verbatim Inferential Questiona by Cradca 
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Table 1: * Adjusted Mean % Correct Responses for 

Gowb^Xtual and Lexleal Inference Questions Exp, ^ H 
(. Verbatim nouns and verbs as covariate) . 
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Grade 



Questions 

Contextual 
Inferences 

Lexical 
Inf ^irences 



ao.6 ^ 

78.3 



2 

77. 8\ 
89.1 



4 

80.4 
87.3 



Quasjj-Fg 
£."^.05 



£<,05 



j;.. 




Table 2: Miiltiples Regression Analysis 

7, Variance Accounted for by Each 
. Predictor Variable 



■'sif*-. ,'".,(3rade 



Rank GTX-33.2**V->CTX-46.2**-*CTX-67.2 
Order o£ VAP-I2/7 LEX-10.3 ' VNV- 2.9- 

Predictors liEX- 2.6 VAP- 3.5 LEX- 1.5 

VNV- 0.4 VNV- 0.9 VAP- 0.0 



Total 

Grade-65.8* 

GTX-10.3* 
VAP- 0.3 
LEX- 0.2 

VNV- o;2 
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' ^ •* .Table ,3 

Percent Correctly Recalled Sentences 

. Grade 



Instruinent 
jFtetrieYal Cue 
fixjjlieit 
Implicit 



57,8 
31.3 



3 K 

73.4 .73.4 

48,4 65.6 . 



Table 4 

Percent Correctly Recalled- Sentences 

Grade 



Retrieval^ 
Expil^^^ (S.V 
Iirplicit (1) ' 



Ik 

38.5 -41.7 
21.9 ■ 3r.'5"' 



4 : 

61.5 

68'.^ 
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